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PLATES 2I--3I. 
During  the  course  of  an  experimental  study  of  bacteriuria, 
specimens of urine thought to contain Bacillus prodigiosus which had 
been injected into the circulation became contaminated with Bacillus 
subtilis.  In an effort to rid them of this  contamination, the effect 
on the two organisms of a number of common dyes was studied and 
a  striking selective power possessed by gentian violet was brought 
to light.  It is the purpose of this paper to record the original obser- 
vations and to report an extension of the study to other bacteria. 
In  my  first  experiments  the  dye  was  applied  directly  to  the 
organisms,  and its  effect was noted after transplanting the stained 
bacteria  to  agar.  Five  drops  of  a  saturated  aqueous  solution  of 
gentian violet  1 were added to a  forty-eight hour broth culture of the 
organism to be tested.  The mixture was shaken well and allowed to 
stand for one hour.  Transplants were then made to agar, a control 
inoculation  of  unstained  organisms  being made at  the  same  time 
upon  agar  in  a  second  tube.  After  twenty-four  hours'  incu- 
bation at 37 ° C. a striking selective property of the dye had asserted 
itself.  When Bacillus prodigiosus was the organism used, no differ- 
ence  was  observed between the  tu~be inoculated  with  the  stained, 
and  that  inoculated  with  the  unstained  organisms;  growth  was 
equally luxuriant in ,both (figure I ).  In the case of Bacillus subtilis, 
however,  the  results  were  quite  different,  for  the  stained  subtilis 
failed to grow (figure 2). 
* This work was  made possible by the financial assistance of  Dr.  Hugh  H. 
Young.  Received for publication, May 6,  1912. 
1 Griibler's gentian violet Was used in all the  experiments described in this 
paper., 
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The Bacillus prodigiosus used in the early experiments was a pro- 
lific chromogen and was typical in all respects.  The Bacillus subtilis 
was  isolated  from the air  and possessed  all  the characteristics de- 
scribed ,by Matzuschita for Bacillus subtilis  (Ehrenberg).  In sub- 
sequent studies,  several strains  of each of a  number of organisms 
derived from different sources were employed. 
This  selective action  of gentian violet  for Bacillus  subtilis  and 
Bacillus  prodigiosus  was  so  specific and  constant that  it  led  to  a 
study of the effect of the dye on  a  number of the more common 
organisms,  and  it  soon  ,became  apparent  tha.t  bacteria  could  be 
divided  into  two  groups  by  their  behavior  toward  gentian  violet. 
In the group with Bacillus subtilis  fell Micrococcus aureus,  Micro- 
coccus  albus,  Bacilhts diphtheric,  Bacillus anthracis,  Sarcina rosea, 
Streptothrix  actinomyces,  blastomyces, arid  certain yeasts.  These 
organisms  refused to  grow when stained  with  gentian violet  and 
transplanted to agar.  The result, for instance, in the case of Bacil- 
hts subtilis  is shown in figure 2,  and in the case of blastomyces in 
figure 3. 
In the group with Bacillus prodigiosus  fell Bacillus pyocyaneus, 
Bacillus  typhosus, Bacillus paratyphosus,  Bacillus  lactis  aerogenes, 
and Bacillus suipestifer.  These organisms, after an hour's contact 
with gentian violet, grew as promptly and as luxuriantly as organ- 
isms which had not been exposed to the dye.  Figure I, which shows 
the result in the case of Bacillus prodisosus , illustrates the behavior 
of the whole group. 
In order to determine whether the stained organisms which failed 
to grow on slant  agar had simply been restrained by the dye, and 
if so to give them an opportunity to recover, inoculations of stained 
organisms were made into broth.  Af,  ter incubation for twenty-four 
hours, agar plates were made from these tubes.  The result of such 
an experiment is shown in figure 4, where it is evident that the plate 
made  from  the  tube  inoculated  with  Bacillus  subtilis  remained 
sterile,  whereas the  other  was  crowded with  colonies  of Bacillus 
prodigiosus. 
EFFECT  OF TIffE DYE  IN MEDIA. 
A  study was next made of the effect of the dye when added to 
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applied directly to the bacteria themselves.  In the first experiments 
the dye was added to broth or agar tubes in dilutions of about I  to 
IOO,OOO ; and it was found that these tubes when inoculated with the 
organisms already studied by the method of vital staining, revealed 
in a similar way the selective property of gentian violet.  The par- 
allelism between the behavior of the organisms when stained with 
gentian  violet,  and  their  behavior  when  grown  in  gentian violet 
media, was complete.  This observation, made on about thirty of the 
commoner organisms, makes it probable that any organism which 
fails to grow when stained, will also fail to grow in media contain- 
ing the dye; while any organism, the growth of which is unimpeded 
by the staining, will grow readily in gentian violet media.  To this 
rule there  may be  exceptions not revealed  in the later  studies,  in 
which the method of  vital  staining  was  abandoned  and  only the 
behavior of the organisms in gentian violet media was investigated. 
But there can be no doubt that the inhibiting action of the gentian 
violet is more constant when the dye is incorporated with the media, 
than when it is applied directly to the bacterial bodies. 
TECHNIQUE  OF  DIVIDED  PLATES. 
In  order  to  facilitate  the  study  of  the  effect of  the  dye  on  large  numbers 
of organisms,  grown  under  conditions  rigidly controlled,  the method of  divided 
plates  was  devised.  An ordinary Petri dish  was divided into two compartments 
by the insertion of a  metal strip.  For this purpose Halsted's aneurysm metal was 
used.  It  was  cut  into  strips  about  0.5  cm.  wide,  and  a  little  longer  than  the 
diameter of the plate, care being taken to have the edges as straight as  possible. 
These  strips  were  then  slightly bent  so  as  to  form  a  curve  with  its  convexity 
toward th  e  right, and placed in the dish with its convexity in the opposite  direc- 
tion,  toward  the  !eft.  The  spring  thus  given  the  metal  held  the  strip  in  the 
dish  with  sufficient  snugness.  After  sterilization  in  the  Arnold  sterilizer  the 
metal  slip  was  readjusted,  if  necessary,  with  sterile  forceps  so  as  to  fit  the 
dish  as  accurately  as  possible.  Plain  agar  was  then  poured  into  one  compart- 
ment,  the  dish  being  slightly  tilted  so  as  to  allow  the  agar  to  approach  the 
dividing metal slip  slowly.  No Petri  dish  is perfectly flat, and  accurate  contact 
between  the  metal  slip and  the  bottom of  the  dish  is  not  easy  to  obtain.  The 
small amount of agar,  however, which flowed under the metal sealed,  on cooling, 
the interstice  between  metal and  glass  and  thus  provided  a  water-tight  contact. 
When  the  plain  agar  had  solidified,  gentian  violet  agar  was  poured  into  the 
opposite  compartment.  This  was  allowed to  cool and  the metal  slip  was  lifted 
out with sterile forceps.  The result was an agar plate  sharply  divided into two 
compartments,  one containing pure r agar  and  one containing gentian  violet agar. 
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from  broth  cultures or  from  salt  solution  emulsions,  and  with  a Ioop  made 
of  fine  platinum  wire.  These precautions  were  found  essential,  for  a  good 
result  could  not  be  obtained  if the  agar  surface  was  scratched  with  a  heavy 
wire,  or  if  the  distribution  of  the  organisms  was  uneven.  Moreover,  it  is 
essential  that  the bacteria  be  in  intimate  contact  with  the  surface  of  the  agar; 
for  even B.  subtilis,  which  never grows  when  evenly applied  to  the  surface  of 
gentian  violet agar  from  a  broth  culture,  will sometimes  develop  slightly when 
the organisms  are  thickly  piled  up  on  the  surface,  as  must  happen  when  the 
stroke is made  from an  agar slant. 
In  making  the  stroke  inoculations,  a  loop of  broth  culture  is  gently rubbed 
back  and  forth  a  number  of  times  over  the  plain  agar  side  of  the  plate,  the 
loop being carefully held parallel to the agar surface so as to avoid scratching it. 
The  platinum  needle is then  sterilized and  a  second loop is  similarly applied  to 
the  gentian  violet  side.  In'this  way  an  approximately  equal  number  of 
organisms  is  placed  on the two halves of  the plate,  an  even  distribution  of  the 
organisms  is  obtained,  and  intimate  contact  between  the  bacteria  and the  agar 
is  secured.  The  smooth  track  made  by  the  needle,  in  applying  the  organisms 
to  the  agar  surface,  is  shown  on  the  sterile  gentian  violet  side  of  the  plate 
(figure 5)., 
A  study by this method of organisms the reaction of which to 
vital  staining with gentian violet had previously been determined, 
demonstrated that  the behavior of an  organism on divided plates 
might be regarded as a cultural characteristic of the most clear cut 
kind.  The bacteria studied reacted in two distinct ways.  One group 
of  organisms, consisting of  those the growth  of which had  been 
stopped when stained by  the  dye,  refused to  grow  at  all  on  the 
gentian violet agar; while the members of the other group, consist- 
ing of organisms the growth of which had been uninfluenced by the 
vital staining, grew equally well on the two sides of the plate.  This 
differential  reaction,  which was  very  sharp  and  very  constant,  is 
well illustrated  in  figures 5,  6,  7,  and 8.  Compare,  for  instance, 
figure 5, where Sarcina rosea refuses even to approach the boundary 
line between plain and  gentian violet  agar,  with  figure 6,  where 
Bacillus prodigios'us grows equally well on the two sides of the plate. 
Or notice figure 7, where Bacillus subtilis is shown flanked by two 
stroke  inoculations  of  Bacillus  prodig~osug;  or  figure  8,  where 
Micrococcus aureus is flanked by two stroke inoculations of Bacillus 
typhosus; both photographs illustrate the precision with which the 
Gram positive organisms are singled out for destruction by the dye, 
which leaves  the growth  of  the  Gram  negative  organisms undis- 
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The astonishing sensitiveness of a  group of hardy and resistant 
spore-bearing  Gram  positive bacteria  to  the  presence  of  gentian 
violet is well illustrated in figures 9, IO, and I I, which show the be- 
havior of Bacillus subtilis,  Bacillus mycoides, and Bacillus anthracis 
on divided plates.  The sh,arp margin of the growth indicates the 
place where the luxuriant development on the plain agar side sud- 
denly and completely ceases ; and this margin, it will be seen, lies at 
some distance from the dividing line between the two sides of the 
plate (the "dead line ").  In other words, not only do these bacteria 
refuse to grow on the gentian violet agar; but they also refuse to 
grow in  its  neighborhood.  This phenomenon is  apparently to  be 
explained by the readiness with which the dye diffuses through agar. 
As  a  consequence of this diffusion the plain agar just ,beyond the 
dead line soon contains sufficient stain to prevent the development 
of organisms, although it is difficult or impossible to detect its pres- 
ence by the eye.  This is an indication of the extreme dilution in 
which the dye may be effective.  This point will be referred to later. 
On the plain agar in the divided plate the margin of the growth 
is stained at some distance from the gentian violet agar.  The fact 
is  striking  enough, whether  it  is to  be  explained entirely  by  the 
physical laws  of diffusion through solid media or whether it  indi- 
cates a  Vital, active chemotaxis between the bacteria and the stain. 
Colonies situated eight to ten millimeters  from the gentian violet 
agar are often deeply stained, although the agar about them shows 
no trace of the dye to the naked eye. 
The organisms which grow on the gentian violet agar also take 
up the stain readily.  This fact is apparent in figure 6.  Moreover,. 
the organisms so stained retain their viability.  I have transplanted, 
for instance, Bacillus typhosus  (which had become deeply stained 
after growing if  or three w'eeks on gentian violet agar), and 'found that 
it developed promptly and luxuriantly.  How much of the stain is 
actually within the bacterial bodies, it  is  difficult to say; but it is 
certain that smears from such deeply stained growths show the indi- 
vidual bacteria  to be  rather  less  intensely colored than  would be 
expected  from  the  macroscopic  appearance.  This  suggests  that 
some of the stain, at least, lay around and not actually within the 
micr05rganisms. 226  Selective  Bactericidal  Action  of  Gentian  Violet. 
By the method of inoculation on divided plates the original study 
of the commoner organisms was extended to include 334  strains, 
representing 138 distinct bacterial species. ~  The results showed, as 
the original observations had suggested, that bacteria Could be pretty 
sharply divided into ,two groups according as their growth was or 
was not inhibited by the dye.  The findings for each organism are 
recorded in table I. 
It  is  not  expected, of course,  that  thi's preliminary survey will 
need  no  revision.  In  the  case  of  the  more  familiar organisms, 
authentic strains from various sources have been studied and large 
numbers of  transplants  made;  and  for  these the  reaction toward 
gentian violet may be stated with certainty.  Where only one Strain 
has been 'studied,  however, and only a small number of transplants 
have been made, the  statement of the violet reaction must be  re- 
garded  as  tentative.  Still,  in  the  case  of  any given  species,  the 
results obtained by subsequent study of numerous strains have usu- 
ally confirmed the orig~r~al observations for that species; so that the 
revision necessary in the table ought not to be extensive.  It should 
be stated that it has been impossible  to identify all the stock organ- 
isms studied, and modifications in the table may be necessary if a 
few of the stock cultures with which I  worked prove not to have 
been true to name. 
PARALLELISM  WITI-t  THeE  GRAM  STAIN. 
The parallelism of this reaction with the Gram stain,  suggested 
by  the  earlier  observations,  was  confirmed by  more  extensive 
study.  If organisms whose growth is inhibited by gentian violet be 
spoken of briefly as violet positive, and those whose growth is unin- 
fluenced by the  dye as violet negative,  it  is  found that  the  large 
majority of Gram positive organisms are  also violet positive,  and 
the  large  majority  of  Gram  negative  organisms  are  also  violet 
negative.  The actual figures are as  follows: 
~This  was  made  possible  through  the  kindness  of  Professor  C.-E.  A. 
Winsl0w, who allowed me unrestricted use of the stock cultures at the American 
Museum of Natural  History,  and gave me the privileges of his laboratory. John  W.  Churchman.  227 
..  Violet positive.  Violet negative. 
.~ Gram positive,  77  70 (90+%)  7  (9+%) 
13o  species  (Gram  negative,  53  8  (I5+%)  45  (84-9+%) 
Violet positive.  Violet negative. 
Gram positive,  182  I65  (90%)  x7  (9.3%) 
318  strains  Gram negative, 136  x 5  (i1%)  12i (88.9%) 
The more important Gram positive organisms which do not fol- 
low the rule are: Bacillus welchii  (whose growth may be hindered, 
but is never stopped,  save .by extremely strong dilutions) ; Bacillus 
sporogenes;  an occasional strain  of streptococcus and  of pneumo- 
Coccus; and most  of the  acid-fast group,  the growth of which is 
often delayed, but is seldom stopped. 
As  will  be  seen in  the table,  there are also  a  number of  Gram 
negative organisms which do not follow the rule.  3 
This  interesting parallelism between the Gram  reaction and the 
violet  reaction  should  be  noticed,  but  not  unduly  stressed.  The 
exceptions in each group are too numerous, and the results of the 
Gram  stain  itself  too  notoriously  uncertain,  ~o  warrant  the 
conclusion  from  this  observed  parallelism  that  the  designation 
"Gram positive" or "Gram negative" really indicates a more fun- 
damental characteristic of bacteria than had hitherto been supposed, 
and  depends  on  a  bond between the  organism and the  dye of an 
intimate and significant sort. 
It is quite probable that my statistics as regards this parallelism 
will be modified by  further study.  In numerous instances I  have 
found  great  difficulty  in  deciding,  even  after  repeated  stains, 
whether to classify an orgamism as Gram positive or negative ; and a 
few discrepancies will be found in the table between the commonly 
accepted statements on this point and my findings. 
CONSTANCY OF BEtIAVIOR  TOWARD GENTIAN  VIOLET. 
The  behavior  of bacteria on  divided  gentian violet  plates  is  so 
constant and so clear cut that it must be regarded as a  fundamental 
biological characteristic.  A  few species have been encountered, like 
3 Observations  recently  made by Winslow  indicate  that  a  fairly large number 
of  Gram negative cocci  fail to grow in gentian violet agar. 228  Selective  Bactericidal  Action  of  Gentian  Violet. 
the  streptococcus,  an  occasional  strain  of  which  varies  in  this 
respect; but  for the vast majority of bacterial species,  and  for the 
vast majority of bacterial strains, the behavior towai-d gentian violet 
is almost, if not absolutely constant.  As regards precision and con- 
stancy there can be no comparison whatever between this reaction 
and the Gram stain; and ~the violet reaction is further distinguished 
from the Gram stain by the fact that an organism reacts in the same 
way toward the dye, no matter what its age.  For these reasons it 
may prove  of value  in  identifying bacteria.  Several  instances  in 
which the observations have been practically applied in bacteriolog- 
ical studies,  will be  referred to later. 
The  effect of the dye is  not  quite  so  constant when, instead  of 
being incorporated in the media, it is applied to the bacteria them- 
selves.  When  thus  stained the  violet  positive  organisms  almost 
never grow on agar, but an occasional vegetative cell or spore may 
escape the dye and  develop slowly.  I  have seen,  for instance,  an 
agar slant  stroked with stained Bacillus subtilis remain sterile  for 
several days, and then one small colony slowly develop. 
In broth  the results are less  constant.  Bacillus subtilis,  stained 
for one hour  and  then put  into  a  tube  containing six  cubic centi- 
meters of bouillon, almost never grows, .but if put into a large flask 
of broth it not infrequently develops.  This apparent contradiction 
is undoubtedly explained in part by the fact that enough of the dye is 
carried over by the oese in making the transplant to render a  rela- 
tively small amount of broth sufficiently strong in gentian violet to 
prevent the growth of bacteria which have previously been injured 
by staining, for I have found that even in dilutions of I to I,OOO,OOO 
the dye has a power of this kind. 
Whether or not the stained organisms will subsequently develop 
depends,  too,  to  some  extent  on  the  character  of  the  media  into 
which they are transplanted.  This  fact was  demonstrated by  the 
following  experiment.  Pneumococci which  had  been  trained  to 
grow well on plain  agar  were stained  and  planted  on this  media. 
They refused to grow.  When stained and planted on blood agar, 
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EFFECT  OF TIlE DYE  TESTED  BY  ANIMAL  INOCULATION. 
These and other observations indicate  clearly  that gentian violet 
may exhibit its selective  action in two ways.  The dye is toxic for 
violet  positive organisms when applied directly  to them; and it is 
highly potent in preventing their  development when incorporated in 
the media on which they are planted.  For~violet negative organisms 
it is not toxic; and in media it is  without effect on their growth 
except in extremely strong dilutions.  Its bacteriostatic  11 action on 
the violet positive organisms is evident enough.  Has it any bacteri- 
cidal power? 
The cultural studies seemed to indic.ate that the organisms were 
usually killed.  Fresh transplants from the surface of the agar on 
which  the  stained  organisms  had  been  stroked  usually  failed  to 
grow,  as  did  also transplants  from the  gentian  violet  side  of  a 
divided  plate  which  had  been  inoculated  with  a  violet  negative 
organism.  Nor was it usually possible to obtain growth by pouring 
broth  into  an  agar tube which had  been  inoculated  with  stained 
organisms, and emulsifying the organisms on the surface of the agar 
with .the broth, although this is an extremely effective method of re- 
viving injured bacteria.  _At the same time, the occasional growth of 
organisms that had been stained, particularly the growth of organ- 
isms on media that were more favorable than plain agar, suggested 
the possibility that the ~bacteria were being simply restrained in their 
growth ; and it was difficult in cultural experiments to eliminate the 
effect of the small amount of dye carried over by the oese into the 
media in making the transplant.  The question was therefore tested 
by  animal  experimentation,  three  organisms  being  used  for  this 
purpose. 
In the first experiments, a strain of blastomyces recently isolated 
from guinea pigs was employed.  This was a particularly favorable 
organism for this purpose, because  (I)  cultural tests showed it to 
be violet positive; (2)  it was constantly toxic for guinea pigs;  (3) 
it produced characteristic lesions and was readily isolated from the 
heart's blood of the dead animals; and (4)  though constantly toxic, 
This word was suggested by Professor Basil Gildersleeve.  It indicates that 
the dye suspends reproduction, without implying that  the  organisms are neces- 
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it was not extremely so, could be used in large amounts, and caused 
death only after about three weeks. 
Under  ether  anesthesia  the  guinea  pigs  were  inoculated  directly  into  the 
jugular vein with 1 c.c• of a  thick emulsion of the blastomyces and with a  second 
e.c.  directly into the subcutaneous  tissues  of  the  neck.  In  the  control  animals, 
unstained  organisms  were used.  The  experimental  animals  received organisms 
which had  been stained by adding  5 drops  of a  concentrated aqueous  solution of 
gentian violet to I  c.c. of emulsion and allowing this to stand  for two hours•  At 
the  same  time,  strokes  of  the  emulsion  were  made  on  divided  plates  (glucose 
agar),  and  inoculations  of both  stained  and  unstained  organisms  were made  on 
glucose agar  slants•  In the  first  series,  three  animals  were  used.  The  results 
of the complete experiment are as  follows : 
f31  Control  glucose agar tube ..................  Abundant  growth• 
Tube inoculated with stained organisms ..... Sterile  for  several 
days;  then  a  few 
Cultures•  scattered  eoIonies, 
• Divided  plate  .............................  Luxuriant  growth  on 
plain agar; none on 
gentian  violet agar. 
I.  Control animal  ............................  Dead  in  20  days;  no 
lesions•  Injected 
organism isolated in 
pure  culture  from 
heart's  blood• 
Animals.~ 2.  Animal  receiving  stained  organisms'. .......  Still  alive;  well  (4 
l 
months  after  in- 
oculation). 
3.  Animal receiving stained  organisms ........  Still  alive;  welI  (4 
months  after  in- 
oculation). 
These experiments indicate that gentian violet applied directly to 
organisms may bring about their death, for when stained organisms 
were  transplanted  into  the  most  favorable  possible  medium,  and 
under conditions in which the inhibitive action of the dye (carried 
over at the time of the inoculation) could be excluded, they did not 
develop• 
In the  second  series,  five animals  were used.  The  protocol  follows• 
(I.  Control glucose agar  tube ..................  Abundant  growth. 
t 
2.  Tube inoculated with stained organisms .....  No growth. 
Cultures.  3.  Divided  plate  .............................  Abundant  growth  on 
plain agar ; none on 
gentian  violet  agar 
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Animals. 
I.  Control animal....  .......................  : Dead in II days ; char- 
acteristic lesions  in 
spleen,  from which 
injected  organism 
was isolated in pure 
culture. 
2,  Control animal  ............................  Dead  in  17  days;  no 
autopsy.  ~ 
3-  Animal injected with stained organisms  .....  Still alive and welt  (3 
months  after  in- 
oculation). 
4.  Animal injected with stained organisms  .....  Still  alive  and  well 
(3 months after in- 
oculation). 
5.  Animal injected with stained organisms  .....  Dead 2  months  after 
inoculation ;  no  au- 
topsy?  2 
A similar experiment was next done on rabbits with Micrococcus 
aureus,  inthe  first series Only two animals were used.  One cubic 
centimeter of a  broth culture was employed and was injected into 
the ear vein.  The protocol follows. 
( I.  Control agar tube ..........................  Abundant  growth. 
2.  Tube  inoculated with  stained organisms  .... No growth. 
Cultures.  3.  Divided plate .....................  . ........  Luxuriant ,growth on 
the  plain  agar; 
none on the gentian 
violet agar. 
Animals. : 
I.  Control rabbit  .............................  Dead  in  24  hours. 
Micrococcus  aureus 
was isolated in pure 
culture  from  the 
heart's blood. 
2.  Rabbit receivingstained organisms  ..........  Still  alive and  weI1 
(3 months after in- 
oculation) 
These experiments proved that even enormous doses of a virulent 
staphylococcus might  be rendered  harmless by  previous  st,  aining 
with gentian violet; for two animals which received such an intra- 
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In the  second  series,  six  rabbits  were  inoculated,  with  the  following results. 
,I 
c1 
~.  48 hottrs_.____.~ 
Rabbit I. Dead.  M. 
aureus in pure 
culture from 
heart's blood. 
Rabbit 2./Alive .... 
1 
Rabbit 3  Alive .... 
Rabbit 4  Alive ..... 
Rabbit 5  Alive ...... 
Rabbit 6  Alive...... 
72 ho~r~. 
Dead.  M. 
aureus in pure 
culture  from 
heart's blood. 
Alive ...... 
Alive ...... 
• Alive ...... 
. Alive. 
4 da3 
Alive. 
Alive. 
Alive. 
Alive. 
5 days. 
Dead. 
Blood 
cultur~ 
negati" 
Dead. 
Blood 
cultur~ 
negati' 
Alive.. 
Alive.. 
_  7 day~_ __ 
Dead. 
Blood 
cultures 
negative. 
Alive .... 
x month. 
Alive 
and 
well. 
venous dose are alive and well a  number of weeks after injections 
which, unstained, proved fatal to control animals in  forty-eight to 
seventy-two hours.-  The delayed death in rabbits  3, 4, and 5  (ex- 
periment II), with the absence of the organisms in the circulating 
blood, raises  a  number of problems; but the  fact that two rabbits 
survived the enormous dose, proves the efficiency of the dye. 
The  experiments  with  B.  anthracis  were  done  on  colored  mice,  and  the  in- 
jections  were  made  subcutaneously at  the  root  of  the  tail.  The organism used 
had  previously been  tested  on  divided  plates,  and by transplantation after  stain- 
ing;  and had been  found violet positive.  In the first series the animals received 
;3  c.c.  of  a  broth culture• 
o 
Q 
Mouse I. 
Mouse  2. 
Mouse 3.. 
Mouse 4-. 
20 hours.  48 hours.  72 hours.  96 hours. 
Dead.  B.  an- 
thracis  in kidney, 
spleen, and blood 
Alive .......... 
klive ......... 
klive ......... 
Dead.  B.  an- 
thracis in kidney, 
spleen,  and 
heart's blood. 
Alive  .......... 
Alive. 
j 
sterile.  [ 
Alive ........  /  Dead.  All 
cultures 
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In  the  second  series,  six mice  were  injected,  the  dose  used  being  0.02  c.c. 
of a  broth culture.  The results were as  follows: 
.9 
Mouse I.. 
N  Mouse 2.. 
Mouse 3-. 
Mouse 4.. 
Mouse 5-. 
Mouse 6.. 
2 4 hours. 
Dead.  B,  an- 
thracis  in 
heart's blood. 
Dead.  B.  an- 
thrads  in 
heart's blood. 
Alive ........... 
Dead.  B. an- 
thracis  in 
heart's blood. 
Alive .......... 
klive .......... 
4  8 hours. 
Dead.  B.  an- 
thracis  in 
heart's 
blood. 
Dead.  B.  an- 
thrads  in 
heart's 
blood. 
Alive ....... 
)~7  hour! 
Alive...  Alive... 
y's.  6  days. 
)ead:  Air 
cultures 
negative. 
The  )rotocol  for  the  third  series,  in  which  six  mice  were  injected  witl~ 
0.02  c.c.  of a  broth  culture,  follows. 
O 
O 
Mouse I,. 
Mouse 2.. 
I:  Mouse 3. 
I 
Mouse 4. 
ii 
"~"  Mouse g- 
Mouse 6. 
e4 ho~ rs.  36 hours.  3 days.  x weel  9 da3 s.  zo days. 
Dead.  13. an- 
thracis  in 
spleen and 
heart's 
blood. 
Dead.  B. an- 
thracis  in 
spleen and 
heart's 
blood. 
Dead.  B. an- 
thracis  in 
spleen and 
heart's 
blood. 
Dead.  B. an- 
thrads  in 
spleen and 
heart's 
blood. 
Dead.  B. an- 
thracis  in 
spleen and 
heart's 
blood. 
Alive ....  Alive..  Alive..  Alive..  Dead.  A few organ- 
isms  in  smears 
from  spleen  and 
blood.  All  cul- 
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There  are  several  features  in  these  experiments  with  Bacillus 
anthracis which cannot at present be explained;  and certain ques- 
tions are raised by them which will be the subject of a  subsequent 
report.  For present purposes, the important fact is,  that while no 
animal injected with stained organisms survived, in several life was 
much prolonged.  We  were  working with enormous doses of  an 
organism which killed the control animals in about thirty-six hours. 
Yet one animal, injected with stained organisms, lived six days; and 
another died on the tenth day.  Probably in these instances a  few 
individual vegetative cells or spores escaped death, but were so in- 
jured by the dye that growth was greatly retarded. 
EFFECT  OF  THE  DYE  0N  SPORES. 
It  is manifest,  from what has been said,  that the spores are  at 
least gravely affected by treatment with the dye; and that,  in the 
presence of gentiari violet, they cannot develop; or, if they 'become 
vegetative cellS, their growth ceases at that stage. 
Are  they  actually  killed?  In  order  to  test  this  point  the  old  silk  thread 
experiments of Koch were done. 
Silk threads were  soaked in broth cultures of B. subtilis  that had grown  for 
~one day and  for ten days and were then immersed in a  saturated aqueous  solu- 
tion  of  gentian  violet  for  one  hour.  As  much  of  the  stain  as  possible was 
washed  out  in  sterile  water,  and  the  threads  were  dropped  into  broth  tubes. 
With  a  very  few  exceptions,  these  tubes remained  sterile;  while  the  controls, 
of  course,  always  showed  abundant growth  within  twenW-four  hours. 
From these and the other cultural studies it appears that even the 
spores may be killed by this dye,--a fact altogether astonishing in 
view of the failure of the spores to take the stain.  The occasional 
growth,  however,  of  inoculations of  stained spore-bearing organ- 
isms,  and  the  results  of  the  animal  experiments  with  Bacillus 
anthracis, indicate that the action of the dye on spores is not abso- 
lutely constant, and that certain "fast" individuals may escape. 
SUMMARY  OF TttE  EFFECT  OF  STAINING. 
As far as the effect of gentian violet on bacteria is concerned, the 
cultural and animal studies warrant the following statements. 
I.  The growth of violet positive organisms is usually completely John  W.  Churchman.  235 
inhibited, provided the stained organisms are transplanted to agar. 
When they are transplanted into broth, the results are similar, but 
are  less  constant. 
2.  The  spores of the gentian violet organisms are  also  gravely 
affected by the dye, and practically never grow when transplanted 
to  agar;  though  they  occasionally  grow  when  transplanted  into 
broth or when injected ir~to the animal body. 
3.  The violet positive organisms may be  so injured by staining 
with the dye that  they do not develop even in the most favorable 
environment within the animal 'body. 
4-  Occasionally the stained organisms grow in the animal body, 
but their growth is greatly retarded. 
5.  It  is  probable  that  an  occasional  "fast"  individual  (either 
vegetative cell or spore) escapes entirely the effect of the dye. 
6.  The  effect  of  gentian  violet  on violet  positive organisms  is 
better described as bacteriostatic,  rather than as bactericidal.  In- 
deed,  the term bacteriostatic,  may be  applied  accurately to  many 
"bactericides,"  for  most  of  these  bring  about  the  death  of  the 
organisms only under cer.tain conditions of intensity and duration 
of application. 
QUESTION"  OF  VITAL  STAINING. 
It  seems probable that  the selective action which gentian violet 
exhibits when it  is added to broth cultures of Bacillus subtilis or 
Bacillus prodigiosus depends on the capacity of the dye to stain the 
Organisms during life.  If hanging drops of these bacteria be made~ 
and a small amount of gentian violet be added, it will be noted that 
Bacillus subtilis takes up the stain rapidly and intensely, and that the 
actively motile individuals soon become quiet.  This applies to most 
of  the  organisms  seen,  although  not  all  are  stained  with  equal 
promptness or intensity, and a  few stain very slowly indeed.  Bacil- 
lus prodigiosus, on the other hand, behaves quite differently.  -Here 
staining proceeds much more slowly, never becomes so intense, and 
motility is only slightly influenced.  The conclusion that vital stain- 
ing really takes place is based on the fact that organisms have been 
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EFFECT  OF  FIXATION  OF  THE  DYE. 
Several attempts  have been made  to fix the dye in the bacteria, in 
order to determine  whether  such a fixation would  render the gentian 
violet toxic even  for the Gram  negative  organisms. 
In the first few  experiments,  Gram's  reagent  was  used  as the fixative;  and 
the organisms  were  transplanted  to agar after vitally staining and treating them 
with  the  iodin  solution.  It was  found,  however,  by control  experiments  that 
the  Gram  reagent  alone  killed the bacteria;  so that ammonium  molybdate  was 
substituted  as  a  fixative.  To  I  c.c.  of  a  broth  culture  of  B.  coll,  five drops  of 
concentrated  aqueous  gentian  violet  were  added,  and  the  mixture  was  allowed 
to  stand  for  one hour.  It was  then centrifugalized  until the  stained  organisms 
were at the bottom of the tube, the supernatant liquid was poured off, ammoniun 
molybdate was added and the mixture was well shaken.  Then, after the mixture 
had  stood  for  ten  minutes,  it  was  again  centrifugalized  and  stroke  inoculations 
were  made  on  agar  from  the  organisms  at  the  bottom  of  the  tube.  So  far  as 
could  be determined growth was  not impeded. 
CAUSE  OF  THE  SELECTIVE  ACTION  OF  THE  DYE. 
No  real light has as yet been thrown on the intimate nature of this 
selective action of the dye.  It does not depend on the presence of 
arsenic (one of the commoner impurities of aniline dyes), for in the 
analyses  13 no trace of arsenic coutd be detected.  Nor does it depend 
on any change in the reaction of the media, for even in fairly strong 
solutions gentian violet is so nearly neutral that its slight alkalinity 
.can be  detected only by  methods which  are  exceedingly delicate; 
and in the dilutions in which it occurred in the media used in these 
experiments,  it  may be  regarded as  absolutely neutral.  Filtration 
of  saturated  aqueous  gentian violet  through  charcoal will  remove 
every visible  trace  of  the  stain,  and  the filtrate  has  absolutely no 
bactericidal  power. 
The possibility that this selective property depended on some light 
phenomenon  was  investigated.  Divided  plates,  inoculated  with 
Bacillus subtilis and Bacillus prodigiosus and kept in absolute dark- 
ness, showed the same results as when the organisms were grown in 
the light. 
The dye was also examined for the possession  of radiant prop- 
erties ; and on one photographic plate,  subjected to its influence in 
absolute  darkness,  a  fairly good  picture  of a  silver  coin was  ob- 
1~ The  analyses were made by Dr. Walter Jones. John  W.  Churchman.  237 
tained.  It  seemed probable  that  this  phenomenon was  due  to  a 
chemical emanation similar to that described by Russell,  14 as given 
off by wood, varnish, etc., and capable of affecting a  photographic 
plate  in  the  dark.  The  subsequent  experiments  in  the  case  of 
gentian violet were not particularly convincing. 
QUANTITATIVE  CONSIDERATIONS. 
The evidence of numerous experiments made to investigate this 
point shows that the bacteriostatic action of gentian violet is,  like 
the  action  of  all  bactericides,  fundamentally  a  quantitative  one; 
that is to say, when the dye is applied in sufficient intensity and for a 
sufficiently long time, it will probably inhibit or kill all organisms. 
The interval, however, between the dilution necessary to prevent the 
growth of Bacillus subtilis completely, and that required to have an 
appreciable effect on Bacillus prodigiosus,  is so wide that the select- 
ive action may almost be thought of as independent of any quanti- 
tative element.  Notice,  for example, the  results of the  following 
experiment, which was made repeatedly. 
Four  Gram  positive  organisms  were  planted  in  broth  tubes  containing 
gentian  violet  in  a  dilution  of  I: I,OOO,  OOO;  and  at  the  same  time  control  in- 
oculations  were  made  in  plain  broth.  In  none  of  the  violet  broth  tubes  did 
growth occur,  as was tested by inoculations made from them at varying intervals 
over  a  period  of  several  days.  The  results  of  this  experiment  are  shown  in 
the following table. 
Dilution  z:  ~,ooo, ooo: 
..  48 hours.  6 days.  9 days.  x  3 days,  Controls. 
Gentian  ~  I.  B. subtilis .... ]  o  I  o  I  o  I  o  [  + 
2.  M. aureus .... I  o  I  o  ]  o  ]  o  I  +  violet  M. ~;b~,s .....  /  o  /  o  1  o  [  o  f  .+ 
broth  31  B. diphtker;az. I  o  I  o  I  o  ]  o  3  + 
,4gar  Slants  from  Violet  Broth  Tubes  after  Forty-Eight  Hours"  Incubation. 
48 hour agar slants 
J"  B. subtilis ............. 
4  8 hours. 
[  I2"  M'aureus ............  t  o  •  0 
,  M. albus ..............  j  o 
B. diphtherl¢~ ..........  I  o 
5 days. 
1, Russell,  W.  J.,  Proc.  Roy.  Soc.,  19o6,  Series  B,  lxxxviii,  385;  Phil.  Tr. 
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Agar  Slants  from  Violet  Broth  Tubes  after  Six  Days"  Incubation. 
6 day agar slants , 
f  " I.  B. subtilis ........... 
ii  M.aureus ...........  M. albus .... . ........ 
B. diphthericz  ......... 
48 hours.  6 days. 
.4gar  Slants  from  Violet  Broth  Tubes  after  Thirteen  Days"  Incubation. 
5 days. 
x3 day agar slants 
ii  B. subtilis ...................  M. aureus .................. 
M. albus ................... 
B. diphtheri~ ................ 
A  dilution of I  to  I,OOO,  OOO is thus seen to stop  the growth of 
these organisms; and their growth may be retarded even by a  dilu- 
tion  of  I  to 2,ooo,0oo.  With  these  weak dilutions,  however, the 
results are not absolutely constant ; growth is usually delayed, but 
may proceed slowly.  In media in strengths of  i  to  IOO,  OOO, how- 
ever, the dye is quite efficient.  The violet positive organisms never 
grow on the surface of agar containing the dye in this quantity.  On 
the other hand,  the violet negative organisms are uninfluenced by 
a dilution of I  to IOO,  OOO.  They grow readily in a dilution of I  to. 
olO,OOO, irregularly in one of I  to  5,ooo,  and often in  one of  I  to 
I,OOO.  For the separation, therefore, of the violet positive from the 
violet negative organisms,  dilutions  of  I  to  IOO,OOO  or  I  to  75,000 
are efficient.  This strength is well above that necessary to check the 
violet  positives  and  well  below  that  likely  to  restrain  the  violet 
negatives.  Nor is it at all necessary, for practical purposes, that this 
dilution be accurately made. 
I  have found that one loopful  of  concentrated aqueous  gentian violet,  meas- 
ured  with  an oese 2  ram.  in  diameter,  added  to 7  c.c.  of broth  gives  a  dilution 
of  approximately  I:7o,  ooo.  For  practical  purposes,  one  may  make  up  a  tube 
in which the dilution is accurately measured and, using that as a  standard,  make 
subsequent  dilutions  colorimetrically  as  gauged  by the  eye.  All  that  is  usually 
necessary,  however,  is to add to an ordinary tube of media an  Ordinary loopful 
of concentrated aqueous  gentian violet.  The eye soon learns to tell whether too 
much  or  too  little  has  been  added ;  and  for  practical  purposes  this  method  is 
sufficiently accurate.  It should perhaps be stated that the results recorded in this 
paper  were  obtained  with  dilutions  of  I:IOO, OOO.  This  was  the  dilution  of 
the gentian violet in figures 5 and 6. John  W.  Churchman.  239 
The effect of the dye when applied directly to the bacteria varies 
with the duration of its application. 
For  B.  subtilis,  one hour's  staining with  gentian violet in the  strength  of 
four drops of dye to  I  e.c. of a  forty-eight hour culture is usually sufficient  to 
prevent growth,  when the organisms are  transplanted to  agar.  Often a  much 
shorter time suffices.  An absolute correspondence between the effect  of the dye 
and the duration of its application to the organisms could not be established. 
For B.  prodigiosus  and .B.  lactis aerogenes,  on the other hand,  staining for 
hours  is without effect.  In experiments made to  test  this point, a  mixture of 
B.  typhosus, B. vulgaris, B. subtilis, B. prodigiosus,  B. pyocyaneus,  B.  coil,  and 
B. lactis aerogenes was treated with gentian violet, and plates were made after 
24, 48, 72, and 96 hours.  In the early plates,  abundant  mixed growth occurred ; 
in the 72 hour plates,  only B. prodigiosus  and B. lactis aerogenes  could be dis- 
tinguished; and these two organisms were still present in plates made from the 
specimens which had been stained for 96  hours. 
STUDY OF  MIXED  CULTURES, 
The  application of  the  selective  action  of  gentian violet  in  the 
study of  mixed cultures proved highly interesting; and it has  been 
aburrdantly shown that the use of the dye in divided plates may pro- 
vide assistance of some importance in practical bacteriology. 
The  earliest  experiment of  this  sort  was  concerned with  a  mixture of  B. 
subtills and B. prodigiosus;  and it was  found that a  pure culture of the latter 
organism could  easily be  obtained by  adding to  the  mixture a  few  drops  of 
gentian violet, and allowing it to stand for an hour.  Then, upon transplanting 
the mixture to agar, B. subtilis disappeared and B. prodigiosus  grew out in pure 
culture. 
A  similar experiment was also done with a  culture of a luxuriantly growing, 
acid-fast organism  (B.  tuberculosis  f),  which  had  become  contaminated with 
B. subtilis.  Tire contamination was  readily eliminated by staining the  mixture 
with gentian violet; the original organism was unaffected and grew out in pure 
culture. 
Similar isolation of  violet negative organisms  from  a  mixture with  violet 
positive organisms was readily accomplished by growing the mixture in broth to 
which gentian violet had been added.  The following experiment may be cited 
as  an example. 
A  Gram negative organism  (B.  typhosus)  was added to a  mixture of  Gram 
positive organisms (M. aureus, M. albus, B. subtilis, B. diphtheriw,  Streptdthrix 
actlnomyces, and B. anthracis), and grown in gentian violet broth.  Transplants 
were  then  made  on  agar  and  the  Gram negative organism grew  out  in  pure 
culture, the growth of the Gram positive organisms being completely inhibited. 
A  similar result was obtained when the Gram negative organisms employed 
were B. prodigiosus, B. pyocyaneus, or B. lactis aerogenes. 
This  isolation in  pure  culture  was  accomplished  in  the  easiest  and  most 
Clear cut way by the use of divided plates.  Strokes were made on divided plates 240  Selective  Bactericidal  Action  of  Gentian  Violet. 
fr0m broth cultures containing a  number of different organisms, or from a  salt 
solution emulsion of several different organisms which had been grown on agan 
The Gram positive organisms grew out on the plain agar side, but stopped some 
distance from the dividing line, and from that point the Gram negative organism 
grew in pure culture. 
In figure I3,  for instance,  three  stroke cultures  were  made of a  mixture of 
violet positive organisms  (B. subtills,  two  strains  of M. aureus, M. albus, two 
strains of B. diphtherice), and  one violet negative organism  (B.  typhosus).  It 
will he seen that the growth of the violet positives ceases about I  cm.  from the 
dividing line; and  from  that  point B.  typhosus  has  grown  out  in  pure  culture 
across the gentian violet agar. 
In  figure  I4 the  effect of the  gentian violet is  even  more  strikingly shown. 
On  the left hand side of the plate a  mixture of B. subgilis and M. aureus  had 
been stroked, but no growth whatever occurred on the gentian violet agar.  On 
the right hand  side of the  plate, the  same mixture  plus B.  typhosus  had  been 
planted, and a pure culture of B. typhosus  was found on the gentian violet agar. 
This experiment and similar ones in which other violet negative organisms were 
isolated  in  purity  were  repeatedly carried  out.  The  constancy  of  the  results 
and  their  clear  cut  character  demonstrated  how  easy  it  was  to  obtain  pure 
cultures by this method. 
Fortunately,  almost  all the  air  contaminations  (Bacillus  subtilis, 
cocci,  yeasts)  are violet positive, and  will not grow  in  the  presence 
of the  dye.  This  fact is  illustrated in  figure  15,  which  represer~ts a 
divided plate that had been exposed before an open  window  for one 
hour on a  windy day.  Numerous  colonies, it will be seen, are grow- 
ing on the plain agar;  none whatever  on the gentian violet side. 
It  is thus  the  simplest matter  in  the  world  to  free  from  air con- 
taminations  a  culture  of  a  violet  negative  organism.  All  that  is 
necessary is to grow  it for twenty-four  hours  in gentian violet broth. 
or  to  stroke  it  on  a  divided  plate.  Inasmuch  as  a  number  of  the 
organisms  used  in  animal  experimentation  are  violet  negative 
Bacillus prodigiosus,  Bacith,s  coil,  etc.),  and  it is in animal  experi- 
mentation  that  contaminations  are  frequent,  this  method  of get4dng 
rid of contamination  ought  to be of value. 
RECOGNITION  OF  CONTAMINATIONS. 
That  certain  cultures  supposed to  be  pure  are  really mixed  has 
been  demonstrated  with  striking  ease  by  the  gentian  violet divided 
plate  method. 
During the study of the  stock cultures in  the  New York Museum,  No.  Io6, 
a  culture of B. subtilis  (isolated by Dawson  from the soil)  grew on  a  divided John  W.  Churchman.  241 
plate  as  shown in  figure  16.  In  the great  number  of  transplants of  B: subtilis 
previously made,  growth on the gentian violet side had never occurred;  and the 
appearance  of  this  plate,  as  will  be  seen  from  the  illustration,  indicated  pretty 
strongly that two organisms were present.  Smears  showed the organism grow- 
~ng on the plain agar side to be a  definitely Gram positive,  spore-bearing bacillus 
(B.  subtilis, figure  17).  Smears  from  the  gentian  violet  side  revealed  a  short 
bacillus  (without  spores)  which  completely  decolorized  by  the  Gram  method 
(figure  18).  This organism  had the  following characteristics: 
Motility  .....................  Sluggish. 
Gram  stain  ..................  Completely  decolorized. 
Spores  ......................  None. 
Glucose  .....................  Gas  produced. 
Milk  ........................  Acidified,  clotted,  no peptonization. 
Gelatin  ......................  No  liquefaction. 
We  were  dealing,  evidently,  with  a  mixed  culture  of  Bacillus 
subtilis and Bacillus coli, as the divided plate readily revealed.  This 
contamination ' would not,  I  think,  have been suspected in the ordi- 
nary laboratory routine ; for on all ordinary transplants Bacillus sub- 
tills promptly outgrew the Bacillus coll.  Indeed, in this instance,  it 
had  not been  suspected. 
More recently I  have had  occasion to make  a  similar  observation 
with Bacillus diphtheria,. 
This  organism,  in numerous transplants,  had always  refused  to  grow  on  the 
gentian  violet  agar,  stopping  some  distance  from  the  dividing  line.  No.  481, 
however, isolated in a  recent study of a  diphtheria epidemic and supposed to be a 
pure  culture,  grew  across  the  plate  just  as  a  violet negative  organism  does. 
,Cultures  were,  therefore,  made  from  each side  of  this plate,  and these revealed 
that we were dealing with a  mixed culture of B.  diphtheriw.  Each  of  the three 
organisms  present  was  then  isolated  in  pure  culture;  the  B.  diphtheriw  proved 
virulent  for  animals,  and  the  three  organisms  were  again  planted  on  divided 
plates.  B.  diphtheric,  now  in  pure  culture,  failed  to  grow  out  on  the  gentian 
vlolet side; i. e., it behaved as all previous strains had done.  The contaminating 
organisms,  on the other hand,  grew  in  equal luxuriance  on  the two  sides.  This 
is well shown in figure  19 which is from a  plate on which the two contaminating 
organisms, a  known pure culture of B. diphtheriw, and a  pure culture of No. 481 
were planted.  It will be seen that B. diphtherice  refused  to grow  on the gentian 
violet agar,  while the contaminating organisms grew  across the whole plate. 
SEPARATION  OF  CLOSELY  ALLIED  ORGANISMS. 
_At first it was not thought  likely that  this  method  would be ap- 
plicable  to  the  separation  of  closely  related  organisms,  as  these 
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perience,  however,  with  one  group  of very closely allied bacteria 
Shows how extremely specific and sensitive this reaction is. 
In  this  instance,  five  strains,  indistinguishable  from  each  other  by  the  ordi- 
nary  cultural,  morphological,  or  tinctorial  tests,  were  planted  on  divided  plates. 
Four  of  these grew  across  with  constancy.  With  equal  constancy  one  refusec~ 
to  grow  in  the presence of the gentian violet. 
These  organisms  belong  in  the  Bacillus  enteritidis  group  and,, 
though they have not been agglutinated with known serum, they are: 
referred to in the table as Bacillus enteritidis, because the stock cul- 
tures from which they came were so named.  For present purposes, 
it is a matter of indifference whether they are true to name or not ; 
the important point  is that  of five organisms  (New York,  I8,  25, 
26,  I32,  and  234 )  identical  in  all  ordinary cultural  and  staining 
reactions,  four were constantly violet  negative  and  the  fifth con- 
stantly  violet  positive  (figure  20).  The  characteris,tics  of  these- 
organisms were as follows: 
Morphology 
Motility 
Gram stain 
Milk 
Gelatine 
Glucose 
Lactose 
Saecharose 
Mannite 
Gentian 
violet 
No. ~8.  No.  25.  No. 26.  No. x32.  NO. 234. 
Short  bacilli;  no 
spores. 
+ 
O 
Slight initial 
acidity; no 
coagulation. 
No 
liquefaction. 
Fermented. 
Not 
fermented. 
Not 
fermented. 
Fermented. 
Short bacilli; 
no spores. 
+ 
0 
Slight initial 
acidity; no 
coagulation. 
No 
liquefaction. 
Fermented. 
Not 
fermented. 
Not 
fermented. 
Fermented. 
Short bacilli: 
no spores. 
+ 
0 
Slight initial 
acidity; no 
coagulation. 
No 
liquefaction. 
Fermented. 
Not 
fermented. 
Not 
fermented. 
Fermented. 
Short bacilli; i 
i  no spores. 
+ 
0 
Slight initial 
acidity; no 
coagulation. 
No 
liquefaction. 
Fermented. 
Not 
fermented. 
Not 
fermented. 
Fermented. 
0  ' 
Short bacilli; 
no spores. 
+ 
0 
Slight initial~ 
acidity; no 
coagulation.. 
No 
liquefaction. 
Fermented. 
Not 
fermented 
Not 
fermented. 
Fermented. 
+ 
That this exceptional behavior on the part of No. 234 was not a 
temporary  freak,  was  proved by  its  constancy when transplanted 
from the  Johns  Hopkins  stock  culture and  from  the  New  York 
stock  culture,  which  had  originally  come  from the  same  source.. 
The reaction is a constant and fundamental ,biological characteristic 
of this strain,  which in all other respects is  indistinguishable  from 
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as to agglutinative properties, and Will be made the basis of a  sub- 
sequent report. 
PRACTICAL  APPLICATIONS. 
The observations here reported have the following practical appli- 
cations to bacteriology. 
I.  The reaction of an organism to  gentian violet,  when planted 
on a  divided plate, is a  characteristic as easy to determine, as con- 
stant, as clear cut, and as significant as any known mark by which 
bacteria are identified.  The Gram stain is not to be compared with 
it as  regards definiteness or constancy.  It  fails to be of value in 
the case of the small  number of organisms  (e.  g.,  pneumococcus, 
Diplococcus gonorrhe¢)  which will not grow well on plain agar, or 
whose slight growth is inhibited by almost any change in the media. 
For a  small group of organisms the reaction is not absolutely con- 
stant and therefore, in their case, not altogether satisfactory. 
2.  The isolation of violet negative organisms from mixtures with 
those  which  are  violet  positive  is  readily  accomplished by  trans- 
plantation on divided plates. 
3-  In the same way, cultures  of  violet negative organisms may 
readily be freed of air contaminations. 
4-  The transplantation on divided plates may be of assistance in 
demonstrating the presence of a contamination in a supposedly pure 
culture. 
FURTHER  PROBLEMS. 
A  number of  problems  for  investigation  are  suggested by  this 
work. 
I.  The effect of the dye on organisms not actually killed by it, 
e.  g.,  upon certain surviving cells of a  stained  culture of Bacillus 
anthracis. 
2.  Systematic investigation of other dyes, for which the technique 
of divided plates offers a  simple method. 
•  3.  Extension of the method and use of other dyes in the attempt 
to obtain pure cultures out of mixtures.  The Treponema pallidum 
particularly should be studied in this way.  My own experiments on 
this point have not,  as yet, been conclusive; but I  have found that 
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sterile, while numerous contaminating organisms grew out on the 
control tubes. 
4-  The  experience with  the  enteritidis group indicates how  ex, 
tremely specific the selective action of this dye is, and suggests that 
some  of  the vexed  problems  in  the  cultivation of closely  related 
species may be similarly solved. 
5-  Growth of tissues in stained-media, to see if a similar selective 
action could be brought to light. 
6.  The effect of staining on ultra-microscopical organisms.  This 
investigation I  have recently begun. 
7-  The effect of staining on inoculable tumors and their filterable 
virus. 
8.  The possible application of these observations to clinical infec- 
tions.  This problem is at present being studied in the laboratory of 
Yale Universi'ty by both clinical and experimental methods. 
HISTORICAL. 
These observations on the selective action of the dye are, so far as I  am aware, 
new ; but that some of the aniline dyes are capable of injuring certain cells has long 
been  known.  Early observations  of this  sort  were  made  by  botanists  on  plant 
cells; and Cornil and  Babes, 15 working with methyl violet, found  that  it possessed 
a  similar toxic effect for bacteria.  In  189o  Stillin#  6 of  Strassburg  published  an 
extensive  thesis  on  this  subject.  His  work  was  done  with a  dye  (probably  a 
mixture  of  dyes)  which  he  called,  generically,  pyoktanin.  His  experiment.* 
were none too carefully performed with B. subtilis, B. anthracis, M. aureus, etc., 
but  led  him  to  the  conclusion  that  the  dye  was  a  general  bacterial  poison,  its 
antiseptic  strength  being  "three  times  that  of  bichloi'ide  of  mercury."  He 
thought  that  the action  of  the  dye was  directly proportional  to  the  strength  of 
the  dilution  used  and  to  the  time of  exposure;  and  that  the  cell  membrane  of 
the bacteria  played  an  important  part  in the process.  He  failed to observe any 
selective  action  exhibited  by  the  dye.  On  the  basis  of  his  poorly  controlled 
observations,  he  introduced  the  dye  therapeutically,  making  for  it  extravagant 
claims  which  Garr6  and  Troje  1' were  easily  able  to  disprove.  Other  observers 
agreed  with  Stilling;  but  the  choice  of  clinical  infections,  on  which  the  drug 
was  tried,  was  not wisely made,  and  the dye  fell into  disrepute. 
In the  literature  since  that  time,  scattered  observations  have  been  found  on 
the  action  of  many  of  the  dyes  on  different  species  of  organisms.  None  of 
Cornil  and  Babes,  cited  by  Stilling,  J.,  Anilin  Farbstoffe  als  Antiseptica 
und  ihre Anwendung  in der  Praxis.  I,  Mittheilung.  Strassburg,  189o. 
~" Stilling, J., loc.  cit. 
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the statements that have to  do with characteristic changes produced  in the  stain 
by  the  organisms  (Spina,  =  Noegerrath,  TM  yon  Rosahegyi,  ~°  etc.)  are  very  con- 
vincing;  but  a  number of  observers  have  noticed  a  definite  bactericidal  action 
possessed  by various  stains  (Penzoldt.  ~  yon  Rosaheg-yi,  Krieger,  etc.).  Gentian 
violet, however, has received practically no notice from these observers. 
The best known observation similar  to ours is that of Drigalski and Conradi.  m 
These authors worked with crystal violet, which they found inhibited the growth 
of numerous cocci and bacteria,  though it was  without influence on B.  typhosus 
and  B.  colt.  "A  number  of  organisms  belonging  to  the  subtitis  group"  are 
mentioned  among  those  that  grew  out  on  their  crystal  violet  plates.  Their 
chief  interest  was  in the  cultivation of  B.  typhosus;  and  the  important lead  as 
to  the  selective property  of  crystal violet  was  not  followed  up  by  a  systematic 
study of the dye. 
A  similar lead  was  also  obtained  by  Vay ;2~ but his  Chief  interest  was  in  an 
investigation  of  the  finer  structure  Of  bacteria;  and  the  selective power  of  the 
dyes with which he worked  (dahlia, methyl violet, and malachite green)  was not 
studied. 
EXPLANATION  OF  PLATES. 
PLATE 21. 
FIG.  I.  The tube on the left was inoculated with B. prodigiosus  for control ; 
that on the right with B. prodigiosus  which had been stained for one hour  with 
gentian  violet.  Note  that  the  growth  of  the  stained  organisms  was  unaffected 
by  the  dye.  Compare  with  figures  2  and  3. 
FIG.  2.  The  tube  on  the  left  was  inoculated  with  B.  subtilis  for  control; 
that  on the  right with B. subtilis  which was  stained  for  one hour  with gentian 
violet.  Note  that the growth of  B. subtilis was comp!etely inhibited by the dye. 
Compare  with  figures  I  and 3- 
PLATE 22. 
FIG.  3.  The  tube  on  the  left  was  inoculated  with  blastomyces  for  control; 
that  on  the  right  with  blastomyces  which  had  been  stained  for  one  hour  with 
gentian  violet.  Notice  that  the  growth  of  the  stained  organisms  was  com- 
pletely  inhibited  bY  the  dye.  Compare  with  figures  I  and  2. 
FIG.  4.  The  plate  on  the left was  made  from  a  broth  tube  which had  been 
inoculated  twenty-four  hours  before  with  B.  subtilis,  which  had  been  stained 
with  gentian  violet.  That  on  the right  was  made  from  a  broth  tube  of  B. 
prodiglosus  similarly treated.  Note that the B. subt~lls  plate is  sterile,  but that 
the B. prodigiosus  plate is  crowded  with  colonies. 
~s Spina, A.,  Centralbl. f. Bakteriol.,  Orig.,  1887,  it,  7I- 
x9 Noegerrath,  E.,  Fortschr. d. Med.,  1888,  vi,  I. 
2°yon  Rosahegyi,  A.,  Centralbl.  f. Bakteriol.,  Orig.,  1887, ii,  418. 
Penzoldt,  F., Arch. f. exper. Path. u.  Pharmakol.,  189o,  xxvi, 31o. 
2~ Drigalski,  V.,  and Conradi,  H., Ztschr. ~. Hyg.,  19o2, xxxix,  283. 
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PLATE 23. 
Fro. 5.  The Plate has been stroked  with an  emulsion of Sarcina rosea.  The 
growth refuses to approach the dividing line.  Note the mark of the inoculating 
needle in the gentian  violet agar.  The dye in the gentian  violet agar  is in  the 
strength  of  I:IOO,  OOO.  Notice the  diffusion  of  the  stain  into  the  plain  agar, 
across the dead line. 
PLATE 24  . 
FIG. 6.  The  plate  has  been  stroked  with  an  emulsion  Of  B.  prodiglosus. 
Growth has  been uninfluenced by the dye.  Note the  staining of the growth  on 
the gentian violet half of the plate. 
PLATE  2  5  . 
FIG. 7.  Two stroke cultures of B. prodigiosus  have been made on this plate, 
separated  by a  stroke  culture of B. subtilis,  the  selective action of  the gentian 
violet being  thus  clearly  demonstrated.  B.  subtills  refuses  even  to  approach 
the gentian violet half of the plate;  while B. prodigiosus  grows equally well on 
the two sides  of the dividing line. 
FIG. 8.  The plate  has  been  stroked  with  M.  aureus,  flanked  on  either  side 
by B. typhosus.  The former organism ceases to grow at a  point some distance 
from  the  dividing line;  while the  latter  grows  equally well on  the  two  halves 
of  the  plate.  The  mark  of  the  needle  can  be  plainly  seen,  where  the  stroke 
culture of M. aureus was  made in the gentian violet agar; but no growth what- 
ever has taken place there. 
PLATE 26. 
FIG. 9.  The plate has been stroked with three different strains of B. subtilis. 
FIG. IO.  The plate has been stroked with two different strains of B. mycoides 
(New  York,  115  and  249), both  of  which  refuse  to  grow  in  the  presence  of 
gentian violet. 
PLATE 27. 
FIG. II.  The  plate  has  been  stroked  with  three  different  strains  of  B. 
anthrads  (New York,  IO7, lO8, lop).  The growth ceases sharply some distance 
from the dividing line,  and none whatever has taken place on the gentian violet 
side. 
FIG. I2.  Two  stroke  cultures  of blastomyces have been  made.  In  the  first 
week after inoculation the ,organism,  which grows luxuriantly on the plain agar 
side,  refuses  to  approach  the  dividing  line.  Later,  however,  the  edge  often 
advances  somewhat and  the growth  may  even cross  for a  few millimeters into 
the gentian violet half of the plate,  but it never invades further. 
PLATE 28. 
FIG. 13.  The plate  has  been  stroked  with  a  mixture of  several  Gram  posi- 
tive  organisms  (B.  subtilis,  two  strains  of  M.  aureus,  M.  albus,  two  strains 
of B. diphtherice)  and one Gram negative organism  (B.  typhosus).  Starting at 
the point, nearly I  cm.  from the dividing line, where the sharp  margin indicates 
that  the  growth  of  the  Gram  positive organisms  has  ceased,  B.  typhosus  has 
grown  out  in  pure  culture,  extending  in  luxuriance  across  the  gentian  violet 
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Fro.  14.  The  left  half  of  the  plate  has  been  stroked  with  a  mixture  of  B. 
subtilis  and M.  aureus.  The  luxuriant growth  in  the  plain  agar  ceases  sharply 
some  distance  from the dividing line;  and  the edge of  tfie growth  is  seen to be 
stained  by  the  dye  which  has  diffused  across  the  line.  On  the  gentian  violet 
agar there has been no growth  whatever.  The  right half of  the plate has been 
stroked  with  the  same  mixture  plus  B.  typhosus;  and  at  the  point  where  the 
growth  of  B.  subtilis  and  M.  aureus  ceases,  a  pure  culture  of  B.  typhosus  is 
seen to start to cross the line, and to grow  well on the gentian violet agar. 
PLATE  29. 
FIG.  I5.  This plate was  exposed  for one hour before  an  open window,  on a 
windy day. 
Fro.  16.  The  plate  was  stroked  with  a  culture  of  B.  subtilis  (New  York, 
lO6)  that was supposed to be pure.  This organism grew luxuriantly on the plain 
agar  side  in  its  customary  way,  refusing  as  usual  to  grow  on,  or  even  to  ap- 
proach the gentian violet agar.  From  the point  Where the luxurious  growth  of 
B.  subtilis  ceased,  another  growth,  obviously  of  a  different  organism,  crossed 
over into the gentian violet half of the plate.  This second organism was showt, 
to  be B.  coll.  Microphotographs  of  smears 'from  the  two  sides  are  shown  in 
figures  17  and  18.  Figure  16  illustrates  the  isolation  of  an  organism  in  pure 
culture  from  a  mixture  and  shows  the  value  of  the  method  as  an  aid  in  de- 
termining whether  or  not  a  culture  is  pure. 
PLATE  3  ° . 
FIG.  17.  A  smear made from the plain agar side of the plate shown in figure 
16. 
FIG.  18.  A  smear made from the gentian violet agar side of the plate shown 
in  figure  16. 
FIG.  19.  A  is the stroke  made from an organism contaminating a  growth  of 
B. diphtheriw;  D, the stroke made from an organism contaminating a  growth of 
B. diphtherice;  C,  the stroke made from  a  known pure culture of B.  diphtheria; 
B,  the  stroke  made  from  culture  481  (pure  B.  diphtherice).  Note  that,  on  the 
gentian  violet  side,  the  site  of  the  original  stroke  (which  was  made  from  a 
thick  emulsion  of  bacteria)  is  faintly to be  seen.  There  has,  however,  been no 
apparent growth.  It is possible that a  few living organisms are present,  though 
repeated  transplants on Loeffier's serum remained sterile. 
PLATE  31. 
FIG.  20.  On  this  plate  five  strains  of  B.  enteritidls  have  been planted.  All 
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